Hypothesis: Presenting patient characteristics can predict which patients will fail nonoperative therapy of blunt splenic injuries.
F
OR MORE THAN 2 DECADES, the nonoperative management of splenic injuries has been a topic of considerable debate. The benefits of splenic conservation are well recognized and include the elimination of the risk of overwhelming postsplenectomy sepsis as well as avoiding potentially unnecessary surgery and the complications of a laparotomy. Failure of nonoperative management, however, must be recognized promptly to provide expeditious management of ongoing, life-threatening hemorrhage. Therefore, patients managed nonoperatively are felt to be best served by being under the care of a surgical team capable of rapid operative intervention.
Despite the development of a clear role for this management strategy in selected patients, no clear risk factors have been identified to stratify patients based on their likelihood for failure. Computed tomographic scan grading of splenic injuries was initially thought to be a useful tool in stratifying high-and low-risk patients, but it has subsequently been shown to have only a modest ability to predict the likelihood of persistent or recurrent bleeding. 1, 2 Moreover, there is evidence suggesting that intrarater and interrater reliability in grading splenic injuries is poor. 3 Further, the time to failure has been poorly defined, resulting in variability in the intensity and duration of in-hospital observation. The goal of our study was to evaluate factors associated with failure of nonoperative management.
METHODS
All patients admitted to a Washington State trauma hospital, Seattle, with splenic injury via blunt trauma during the period of January 1, 1995, to December 31, 2001, were identified from our statewide trauma registry. Splenic injury was identified using the International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code 865. The Washington State Trauma Registry enrollment criteria include patients who died at a trauma hospital, all pediatric patients admitted to a trauma hospital, and all adult patients (Ͼ14 years) who were admitted to a trauma hospital with a length of stay of more than 48 hours.
To capture patients who might have been discharged from one hospital with a diagnosis of splenic injury but then were readmitted to another hospital for eventual splenectomy, we linked the patients identified in the trauma registry with the Washington State Comprehensive Hospital Abstract Reporting System (CHARS), the statewide hospitalization database. First, we linked patients identified in the trauma registry to the CHARS database for the 30 days prior to the trauma registry admission. This linkage was performed to see if any patient had had a previous admission at any hospital with the diagnosis of blunt trauma, whether or not a splenic injury was identified. Second, we linked the patients identified in the trauma registry with the CHARS database for the 30 days after the trauma registry discharge to identify if any of these patients were subsequently readmitted elsewhere for splenectomy (or splenic embolization), if a splenic procedure was not performed at the initial admission.
Patients were then classified according to the type and timing of the outcome of their splenic injury. One group of patients required immediate intervention, which was defined as splenectomy, splenorrhaphy, or embolization within 4 hours of admission from the emergency department (ED). Another group was admitted with a presumption of planned nonoperative management. Planned nonoperative management was presumed if a patient did not have a splenectomy within 4 hours of presentation to the ED. Nonoperatively managed patients were then stratified into those who failed nonoperative management (required splenectomy, splenorrhaphy, or embolization after 4 hours following admission from the ED) and those who had successful nonoperative management (no splenic procedure during initial or subsequent admissions). To evaluate specific characteristics of patients with splenic injuries by time from ED presentation to operative intervention, patients who failed nonoperative management were categorized by the time from admission from the ED to the splenic intervention: more than 4 to 8 hours, more than 8 to 24 hours, more than 24 to 48 hours, and more than 48 hours. Patients were excluded from the analysis if the time from ED admission to intervention was not known.
Patient and injury characteristics that we evaluated included age, hemodynamics (heart rate and systolic blood pressure) on presentation in the ED, Injury Severity Score (ISS), and Glasgow Coma Scale (GCS) score. Patients were also analyzed for the admitting hospital's trauma designation level.
Initial analysis compared the immediate intervention patients, the successfully nonoperatively managed patients, and the patients who failed nonoperative management, categorized by time from ED presentation to splenic intervention. To evaluate patient and injury factors associated with failure of nonoperative management, patients who failed nonoperative management were grouped together, regardless of time from ED presentation to splenic intervention, and compared with patients who were successfully managed nonoperatively. All patient groups were compared using the 2 statistics.
The effect of the admitting trauma hospital's designation (level I through V) on the risk of failed nonoperative management was assessed using logistic regression. The outcome for the regression model was success or failure of nonoperative management. The risk factor of interest was the admitting hospital's designation, with the level I trauma center being the reference category. Odd ratios (ORs) and 95% confidence intervals (CIs) were calculated, adjusting for confounders of age and ISS.
The Washington State institutional review board approved this study.
RESULTS
A total of 2303 patients were found to have splenic injury from blunt trauma during the designated period, of which, 2243 had complete data for analysis. Six hundred ten patients (27%) underwent immediate splenectomy or embolization. Of the remaining 1633 patients who were admitted with planned nonoperative management of their splenic injuries, 252 patients (15%) ultimately required operative or angiographic intervention. Eighteen patients failed following discharge from the index hospitalization. Table 1 lists the characteristics of all patients, stratified into those who were successfully managed nonoperatively, those who required immediate intervention, and those who failed nonoperative management, based on time from presentation in the ED to the operating room or angiography suite. There was a significant relationship among age, GCS score, and ISS and the timing of operative (or nonoperative) management. For example, within the 3 age strata, younger patients were more likely to be managed nonoperatively. Table 2 is a similar analysis, yet all the nonoperative columns are combined, and in doing so, the GCS score is no longer statistically significantly different.
Of the 252 patients who failed nonoperative management, 100 (40%) failed between 4 and 8 hours of admission. Arguably, this cohort could represent patients who were actually admitted with a plan for "immediate" operative intervention but were delayed owing to logistical problems (eg, operating room or surgeon availability). The remainder of the patients who failed nonoperative management and underwent intervention more than 8 hours from admission represented 152 (9.3%) of all 1633 patients admitted with an initial nonoperative plan and 152 (6.8%) of all 2243 patients admitted having a diagnosis of a splenic injury.
When we then compared patients who were successfully managed nonoperatively with those who failed nonoperative management (therefore, excluding patients who underwent immediate splenectomy), patients who failed nonoperative management were more likely to be older than 55 years or to have an ISS higher than 25 ( Table 2 ). Note that in this table, and in subsequent analyses based on these data, vital sign results are present only for adult patients, as we recognize the variability in defining hypotension or tachycardia in pediatric patients.
We investigated whether the success or failure of nonoperative management of splenic injury differed depending on the level of trauma hospital in which they were admitted. All facilities with designated trauma center lev-els have strict standards including the organization and direction of a multidisciplinary trauma committee that determine a center's basic resources and capabilities. While these standards are specific to Washington State, they largely follow the criteria of the American College of Surgeons' Resources for Optimal Care of the Injured Patient. 4 A critical component of designation level is the availability of emergency physicians, general surgeons, radiologists, operating rooms, and surgical subspecialists. Level I through III trauma centers have ED physicians available within 5 minutes of a trauma patient's arrival and can have an operating room available within 5 minutes of notification. In addition, level I centers have a general surgeon (defined as a surgeon at least at the level of a postgraduate year 4 surgical resident) in house and available within 5 minutes of trauma team activation. A general surgeon is available within 20 minutes of trauma team activation at a level II trauma center and within 30 minutes at a level III trauma center. The primary function of level IV and V trauma centers is to stabilize a trauma patient for transfer to a higher-level center for definitive care. Table 3 summarizes the number of patients admitted with splenic injury according to the admitting hospital's level of trauma designation. The highest percentage of patients (38.3%) was admitted to Washington State's only level I trauma center. This group also had the highest mortality rates, implying that the most severely injured patients were appropriately triaged there. Eightyfive patients (3.7%) were admitted to a nontrauma designated hospital.
The admitting hospital's trauma designation level was associated with risk of splenectomy. Table 4 lists the unadjusted outcomes stratified by the admission hospital's level of trauma designation. Level II trauma centers were not more likely to perform splenectomy (immediate or delayed) compared with the level I trauma center (adjusted OR, 1.2; 95% CI, 0.9-1.5) after adjusting for age and ISS. Patients in level III (adjusted OR, 2.0; 95% CI, 1.5-2.6) and level IV (adjusted OR, 1.9; 95% CI, 1.2-2.9) trauma centers were significantly more likely to have a splenectomy compared with patients in the level I trauma center.
The admitting hospital's trauma designation level was also associated with the risk of failure of nonoperative management of splenic injuries. Level II trauma centers were no more likely to have a failure of nonoperative management (adjusted OR, 1.0; 95% CI, 0.7-1.4) compared with the level I trauma center after adjusting for age and ISS. However, level III (adjusted OR, 2.1; 95% CI,1.4-3.1) and level IV (adjusted OR, 2.5; 95% CI, 1.5-4.1) trauma centers were more likely to have a failure of nonoperative management compared with the level I trauma center.
There were 62 patients who failed nonoperative management of their splenic injury more than 48 hours after their admission. The Figure shows the time to failure of these patients. They were evenly distributed among the different hospitals. Most patients (73%) failed within (7) 11 (11) 8 (14) 12 (13) 9-16 332 (24) 83 (14) 21 (21) 17 (29) 19 (20) 2 to 7 days of their injury. However, 27% failed beyond the first week of their injury (range, 7-21 days), the latest failure occurring about 3 weeks after the injury; 18 of these patients failed after index hospital discharge.
COMMENT
The nonoperative management of splenic injuries grew out of a desire to "save" the spleen to prevent overwhelming postsplenectomy sepsis 5, 6 and from the initial reports from pediatric hospitals of nearly exclusive nonoperative management of splenic injuries in children. 7 The push to adopt a nonoperative strategy in adults was slower to evolve, in part because of the risk of blood transfusions 8 but also because of the remarkable success of rapid operative intervention and splenectomy in decreasing mortality of blunt abdominal trauma. Numerous studies on preventable mortality in the 1970s and 1980s repeatedly demonstrated unrecognized splenic bleeding as the primary cause of preventable mortality, and general surgeons developed great facility in performing rapid splenectomy, often without the need for a blood transfusion. 9, 10 Nevertheless, the 1990s saw widespread adoption of a nonoperative management strategy for all abdominal solid organs, namely, the spleen, liver, and kidney. The initial concerns with nonoperative management centered on defining indications for abandoning nonoperative therapy in favor of an intervention (usually splenectomy, occasionally splenorrhaphy or angioembolization), as well as concerns about missed associated injuries and blood transfusion risks.
11-14 However, with widespread adoption of nonoperative management of splenic trauma in adults, it became clear via isolated case reports that delayed ruptures or rebleedings presented a real and potentially disastrous complication that could not be reliably predicted. [15] [16] [17] [18] [19] In this article we have used a statewide population database (CHARS) to examine the risk of failure of nonoperative management of splenic injuries. This study covers 7 consecutive years in 1 state (Washington) and takes advantage of both a state-mandated uniform hospital discharge diagnosis database (CHARS) as well as a statemandated trauma registry (Collector) in each of the state's 77 designated trauma centers. Merging these administrative and patient-specific databases resulted in the ability to identify an index hospitalization for splenic intervention (splenectomy or embolectomy) following injury (E-code identified) and to look backward and forward 30 days from this index admission for associated admissions and interventions. To our knowledge, the result is the largest population-based study of nonoperative management of splenic injuries, and importantly, it sheds some additional information on the likelihood of late failure of this management strategy.
Most notably, 610 (27%) of 2303 patients underwent immediate splenectomy, splenorrhaphy, or embolization, 1381 patients (62%) had successful nonoperative management, and 252 patients (11%) failed nonoperative management. This is consistent with other smaller reports, primarily from high-level trauma centers, with overall success rates of nonoperative management ranging from 50% to 70%. [20] [21] [22] Another way these data can be considered is that of the 1633 patients in whom nonoperative management was initially planned, 1381 patients (85%) succeeded and 252 patients (15%) failed. Of the 252 patients who failed nonoperative manage- Abbreviations: AIS, Abbreviated Injury Scale; GCS, Glasgow Coma Scale; HR, heart rate; ISS, Injury Severity Score; NA, not applicable; SBP, systolic blood pressure.
*Patients were taken to the operating room more than 4 hours after emergency department admission.
†PϽ.001 R ϫ C 2 test where R indicates row; C, column. ment, 62 (25%) failed longer than 48 hours after ED presentation, with 31 (50%) of 62 of these patients failing later than 5 days from injury, and 18 failing after index hospital discharge for an overall postdischarge late failure rate of 1.1%. Fortunately, none of these very late failures died, an important point considering that the risk of postdischarge death from delayed rupture is often used to condemn "early" discharge or nonoperative management in general, and it has been the source of legal challenges to care. Of the 62 patients failing nonoperative management greater than 48 hours after admission (Figure) , 50% failed between days 3 and 5, and 72.5% failed within the first week. This is consistent with the recently concluded prospective multi-institutional trial of the American Association for the Surgery of Trauma that followed up 300 patients with splenic injury via a structured practice guideline that included strict bed rest for 5 to 7 days. 23 In this study, 6% of the patients failed nonoperative management, but in only 3.3% was the cause ongoing bleeding from the spleen, which prompted laparotomy and splenectomy between days 4 and 5 after injury.
A remarkable 96.4% of these patients in our study were cared for at a designated trauma center. This is an example of an inclusive trauma system at work. Washington State has a total of 95 community hospitals, and 14 other hospitals including private specialty hospitals, state or military hospitals, and Veterans Affairs hospitals. 24 Seventy-seven of these are designated trauma centers, of which 28 are level I, II, or III centers. Washington State is unique in its inclusion of level IV (n = 34) and level V (n=15) centers in its trauma network. Ninety percent of the splenic injuries were managed in level I and III trauma centers, and all of the deaths occurred in these hospitals, and the vast majority of the deaths (by implication the most seriously injured) occurred in the level I and II trauma centers.
These data also suggest that the level III and IV trauma centers are less likely to effectively manage nonoperatively a patient with a splenic injury. After adjusting for age and ISS, the 2 factors we found that significantly correlated with failure of nonoperative management, the level III and IV trauma centers were still twice as likely to perform splenectomy overall and twice as likely to fail attempts at nonoperative management. This most likely represents a relative uncomfortableness with this management strategy, or perhaps a lack of effective resources for close observation of these patients, although we have not explored other reasons for this discrepancy such as age or training of surgeons, splenic injury pattern, or financial implications.
The study has some significant limitations. As a population-based study, it has limited access to individual medical records. The institutional review board restrictions have thus far precluded us from investigating in detail the records of individual patients outside of our own institution. This has limited our ability to define the exact injury pattern of the spleen, the exact findings at laparotomy, and the cause of death. The decision to define nonoperative management as any patient who did not get a splenic intervention (angioembolectomy or laparotomy) within 4 hours of presentation to the index hospital was arbitrary. It could be argued that those patients who had a laparotomy between 4 and 8 hours of ED admission were not intended to be nonoperatively managed, but they were simply slow to get to an operation. However, as given in Table 1 , this cohort of 100 patients is more similar to those patients successfully managed nonoperatively than it is to those patients managed with urgent splenectomy. We elected to include pediatric patients in this study in an effort to most completely represent a population study. However, children may be more aggressively nonoperatively managed, and the vital signs of children were not included in the analysis of factors influencing the success or failure of nonoperative management. And finally, we do not present computed tomographic scan or operative assessment of injury severity grading of splenic injury, as is commonly reported. Although this information would most likely mimic numerous other reports showing an association between the grade of splenic injury and performance of splenectomy, other factors, most notably patient physiology, influence the decision to attempt nonoperative management regardless of splenic ISS. Nevertheless, computed tomographic grading of splenic injury severity may be predictive of late failure, but we do not have that data.
CONCLUSIONS
This study demonstrates that nonoperative management of splenic injury was successful in 62% of all splenic injury patients in Washington State over a recent 7-year time frame, with 27% of patients having an immediate splenectomy and 11% a delayed splenic intervention representing a failure of nonoperative management. These numbers represent a true population-based reference for comparison. Age older than 55 years and a high ISS were predictive of failure of nonoperative management and arguably warrant 5 to 7 days of in-hospital observation for older, more severely injured patients in whom nonoperative management is attempted. Of those patients in whom nonoperative management failed, 75% fail within 2 days of injury, 88% within 5 days, and 93% within 1 week of injury. While 1.1% of patients failed after hospital discharge, none died, suggesting that signs and symptoms of ongoing or renewed bleeding can be recognized and prompt successful delayed interventions. Clear, understandable, and direct patient discharge information regarding this possibility is essential. Nonoperative management is more effectively practiced in higher-level trauma centers. This study does not provide an explanation for this observation, and it should not imply that all patients with spleen injuries must be managed at level I or II trauma centers. The very low mortality among spleen injury patients in level III through V trauma centers suggests that statewide resources are effectively being used. This article will help define target benchmark goals for nonoperative management and guidelines for inhospital observation. 
